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2. Shannon
, $S$, $N$ ,
$W$
$C=W \log(1+\frac{S}{N})$ (1)
Shannon . , $\log$ 2 ,
$\mathrm{b}\mathrm{i}\mathrm{t}/\sec$ . , ,




, , S-N .
, Gabor [Gab50] ,
.





, Shannon , , , ,
, , , ,
.
– ,
1. $P(d\theta)$ $\theta\in\ominus$ )
2. $\theta$ , ,
$\rho_{\theta}$ ,
3. $x\in X$ –
$F(dx)$
174
. , , Hilbert $\mathcal{H}$
, $\rho_{\theta}$ $\mathcal{H}$ , , $F(dx)$
, , .
, $\theta$ $x$ ,
$P(d\theta, dX)=\mathrm{T}\mathrm{r}[F(dx)\rho_{\theta}]P(d\theta)$ (2)
, $\theta$ $x$
$I( \theta;x)=\int\int\Theta \mathrm{x}xxP(d\theta, d)\log\frac{P(d\theta,dX)}{P(d\theta)P(d_{X)}}$ (3)
. , $P(d_{X})$
$P(dx)= \int_{\theta\in\ominus}P(d\theta, d_{X)}$ $(4)$






$I( \theta;x)\leq S(\rho)-\int_{\ominus}S(\rho_{\theta})P(d\theta)$ (6)
Forney [For63] Gordon [Gor62] . ,
$\rho$
$\rho=\int_{0}\rho_{\theta}P(d\theta)$ (7)
. Holevo [Ho173] Devies [Dav78]











, . , Bratteli-Robinson
[BR79, BR81] .
$A$ $\mathrm{C}^{*}$- . $A$ , $A$
1 . $A$ $\sigma_{1},$ $\sigma_{2}$ , $\mathcal{K}=\{x\in A|\sigma_{1}(Xx^{*})+\sigma_{2}(X^{\star}x)=0\}$
, $A/\mathcal{K}$
$\langle x.+\mathcal{K}|y+\mathcal{K}\rangle=\frac{1}{2}\sigma_{1}(y_{X^{*}})+\frac{1}{2}\sigma 2(_{X^{*}}y)$ (8)
. , $x\in A$ , $\hat{x}=\chi+\mathcal{K}$ .
Hilbert $\mathcal{W}$ , $||\cdots||$ . ,
$(\hat{x},\hat{y})\mapsto\sigma_{1}(yx^{*})$ $(\hat{x},\hat{y})-\succ\sigma_{2}(x^{\star}y)$ $\mathcal{W}$
, Riesz , $\mathcal{H}$ $A,$ $B$ – , .
1. $0\leq A,$ $B\leq 1,$ $A+B=1$ .
2. $x,$ $y\in A$ , $\sigma_{1}(y_{X^{*}})=\langle\hat{x}|A|\hat{y}\rangle$ .
3. $x,$ $y\in A$ , $\sigma_{2}(x^{*}y)=\langle xX|B|\hat{y}\rangle$ .
, $\sigma_{1}$ $\sigma_{2}$ $S(\sigma_{1}/\sigma_{2})$ .
$S( \sigma_{1}/\sigma_{2})=-\lim_{tarrow+}\inf$
$\langle\hat{1}|\frac{A^{1-t}B^{t}}{t}|\hat{1}\rangle$ . (9)
, $\hat{1}\in \mathrm{d}\mathrm{o}\mathrm{m}(\log A-\log B)$ ,
$S(\sigma_{1}/\sigma 2)=\langle\hat{1}|A(\log A-\log B)|\hat{1}\rangle$ (10)
.
C*- $A$ $\Omega$ $B(\Omega)$ , $\Omega$ $\mu_{1},$ $\mu_{2}$
, $B(\Omega)$ $\sigma_{1},$ $\sigma_{2}$ – ,
$\sigma_{1}(x)=\int xd\mu_{1}$ , $\sigma_{2}(x)=\int xd\mu_{2}$ (11)
176
. , $m= \frac{1}{2}\mu_{1}+\frac{1}{2}\mu_{2}$ , $\mathcal{W}$ $L^{2}(\Omega, m)$ ,
$A \hat{\prime}x=\frac{d\mu_{1}}{dm}\hat{x}$ , $B \hat{x}=\frac{d\mu_{2}}{dn\tau}\hat{x}$ (12)
, $\mu_{1}\ll\mu_{2}$ ,
$S( \sigma_{1}/\sigma 2)=s(tl_{1}/\mu_{2})\equiv\int\log\frac{d\mu_{1}}{d\mu_{2}}d\mu 1$ (13)
. , $S(\mu_{\perp}/\mu_{2})$ $\mu_{1}$ $\mu_{2}$ .
$\mathrm{C}^{*}$- $A$ Hilbert $\mathcal{H}$ $\mathcal{L}(\mathcal{H})$ , $\mathcal{H}$






$A\hat{x}=\overline{\rho_{1}x}$ , $B\hat{x}=\overline{x\rho_{2}}$ $\ovalbox{\tt\small REJECT}$ (16)
. ,
$S(\sigma_{1}/\sigma_{2})=S(\rho 1/\rho_{2})\equiv \mathrm{T}\mathrm{r}[\rho_{1}(\log\rho 1^{-}\log\rho 2)]$ (17)
. , $S(\rho_{1}/\rho_{2})$ ( ) $\rho_{1}$ $\rho_{2}$
– ,
1 (Uhlmann ) $\Phi$ : $A_{1}arrow A_{2}$ $\mathrm{C}^{*}$- $A_{1}$ $\mathrm{C}^{*}$- $A_{2}$
, $\Phi^{*}$ : $A_{2}^{*}arrow A_{1}^{*}$ . . , $A_{2}$
$\sigma_{1},$ $\sigma_{2}$ ,






1. $P(d\theta)$ $\theta\in\ominus$ ,
2. $\theta$ , ,
$\rho_{\theta}$ ,
3. $x\in X$ –
$F(dx)$ .
, , Hilbert $\mathcal{H}$ , $\rho_{\theta}$





. , $\theta\in\ominus$ $x\in X$
$P(dx|\theta)=P[\rho_{\theta}](dx)$ (20)
. , $P[\rho_{\theta}](dx)$
, $I(\theta;x)$ (3) .
[YO93].
2. (Yuen-Ozawa ) $(\ominus, B(\ominus),$ $P(d\theta))$ , Hilbert $\mathcal{H}$
$\{\rho_{\theta}|\theta\in\ominus\}$ , (X, $l\mathit{3}(x)$ ) Hilbert $\mathcal{H}$
$F(dx)$ ,
$I( \theta;x)\leq S(\rho)-\int S(\rho_{\theta})P(d\theta)$ . (21)
. , $I(\theta;x)$ $\rho$ (3) (7) .
, $X,$ $\ominus$ , $\mathcal{H}$ , Holevo
. .
178
, (7) $\rho$ , , $x\in X$
$P(dX)=P[\rho](dx)$ (22)
. – , $P[\rho]$ $P[\rho_{\theta}]$
$S(P[ \rho_{\theta}]/P[\rho])\equiv\int P[\rho_{\theta}](dX)\log\frac{dP[\rho_{\theta}]}{dP[\rho]}(x)$, (23)






$S(\sigma_{1}/\sigma_{2})\equiv \mathrm{T}\mathrm{r}[\sigma_{1}\log\sigma_{1}-\sigma 1\log\sigma_{\mathrm{Q},\sim}]$ (26)
, (21) .
$S( \rho)-\int S(\rho_{\theta})P(d\theta)=\int S(\rho_{\theta}/\rho)P(d\theta)$ (27)
. , (25), (27) , $\theta\in\ominus$ ,
$S(P[\rho_{\theta}]/P[\rho])\leq S(\rho_{\theta}/\rho)$ . (28)
. Uhlmann , $A_{1}$ $X$
$\mathrm{C}^{*}$- $B(X)$ , $A_{2}$ $\mathcal{H}$ $\mathrm{C}^{*}$- $\mathcal{L}(H)$ . ,
$A_{1}^{*}$
$\ominus$ – , $A_{2}^{*}$ $\mathcal{H}$
. $\Phi$ : $A_{1}arrow A_{2}$ .
$\Phi(f)=\int f(x)F(d_{X)}$ $(f\in B(X))$ . (29)
$\Phi$ ,
$\Phi^{*}$ : $A_{2}^{*}arrow A_{1}^{*}$ (30)




$S\langle P[\rho_{\theta}]/P[\rho])$ $=$ $S(\Phi^{*}(\rho_{\theta})/\Phi^{*}(\rho))$
$\leq$ $S(\rho_{\theta}/\rho)$ (32)
, (28) .
8. –\yen -- ‘
(21)
,
$\int \mathrm{T}\mathrm{r}[a^{\uparrow_{a}}\rho\theta]P(d\theta)\leq n$ (33)
,
$C_{\mathrm{M}\mathrm{O}\mathrm{D}\mathrm{E}}= \max I(\theta;x)=(7?+1)\log(n+1)-\uparrow\tau\log n$ (34)
. , $a$ $\text{ }-$ * ( ) . ,
( , , , ) ,
. , $\log$ 2 $\mathrm{b}\mathrm{i}\mathrm{t}/\mathrm{u}\mathrm{s}\mathrm{e}$
.
. , (21) 2 ,
$I(\theta,\cdot x)\leq S(\rho)$ . (35)
. , (33) ,
$\mathrm{T}\mathrm{r}[a^{\uparrow}a\rho]\leq n$ (36)
. , (36) (35) $S(\rho)$ .








$\mathrm{N}$ , i.e., $=\mathrm{N}=\{l|l=0,1,2, \ldots\},$ $x=\mathrm{N}=\{m|m=0,1,2, .\tau. .\}$ .
$\theta=l$
$P(d\theta)=P(\{l\})=\uparrow\cdot\iota^{l}(n+1)^{-(+)}\iota 1$ (39)
, $\theta=l$ $l$ ,
,
$\rho_{\theta}=\rho_{l}=|l\rangle\langle l|$ . (40)
, ,
. , $x=m$ ,
$F(dx)=F(\{m\})=|m\rangle\langle m|$ . (41)
, $\theta=l$ $x=\uparrow n$




$P(d_{X})=P( \{m\})=\sum_{l=0}^{\infty}P(\{l, m\})=n^{m}(??+1)-(m+1)$ (43)
. , $\theta$ $x$
$I(\theta;x)$ $=$ $\sum_{l,m}^{\infty}P(\{l, m\})\log\frac{P(\{\iota,\uparrow??\})}{P(\{l\})P(\{m\})}$
$=$ $(n+1)\log(l\gamma+1)-n\log?\tau$ . (44)
. , (34) .
9.







$=$ $\log(1+\uparrow\tau)+\uparrow 7\log(1+\frac{1}{n})$ (46)
. ,
( , , , ) , ,











$C’$ $=$ lnaxR (47)
$R$ $=$ $\lim_{Tarrow\infty}\frac{1}{T}I(\theta;x)$ (48)
. , $T$ , $R$ .




, 1 WT , –
$W$ . ,




. , $R,$ $C$ $\mathrm{b}\mathrm{i}\mathrm{t}/\sec$ .





$=$ $W \log(1+\frac{P}{\hslash\omega W})\backslash +\frac{P}{\hslash\omega}\log(1+\frac{\hslash\omega \mathrm{T}/V}{P})$ (50)
.
, , .
, Shannon , $S$,
$N$ , $W$, $\omega$
. $\theta$ $\rho_{\theta}^{(S)}$
$\rho^{(N)}$ , $\rho_{\theta}=\rho_{\theta}^{(S)}\otimes\rho^{(N)}$ . , Yuen-Ozawa
,
$I(\theta\cdot x))$ $\leq$ $S( \rho)-\int s(\rho\theta)P(d\theta)$




$\rho^{(S)}$ $=$ $J^{l}\rho_{\theta}^{(S})P(d\theta)$ .
, , $S(\rho)$ $S+N$ , $S(\rho_{\theta}^{(S)})=0$ ,
, (50) $P=S+N$ ,
$W \max^{\mathit{7}S(\rho)W}=\log(1+\frac{S+N}{h\omega 7\eta r})+\frac{S+N}{\hslash\omega}\log(1+\frac{h\omega W}{S+N})$
. , , (50) $P=N$
$WS(\rho^{(N)})=W\log(1$
.
$+ \frac{N}{\mathit{7}\tau\omega W})+\frac{\wedge T}{\hslash\omega}\log(1+\frac{\gamma_{\mathrm{t}\omega}W}{N})$
183
. ,
$C$ $=$ $W \max S(\rho)-WS(\rho^{()}N)$
$=$ $W \log(1+\frac{S}{N+\Gamma_{l\omega}W})+\frac{S+N}{\hslash\omega}\log(1+\frac{h\omega W}{S+N})-\frac{N}{\hslash\omega}\log(1+\frac{\Gamma_{l}\omega W}{N}\mathrm{I}(51)$
.
, $N\gg h\omega W$ , Shannon . $C$ $\hslash\omega W/N$
$\hslash\omega W/(S+N)$
$.C=W[ \log(1+\frac{S}{N}\mathrm{I}-\frac{\gamma_{?}\omega vVS}{2N(S+N)}\log e\cdots]$ (52)
. , $N\gg\hslash\omega W$ , $S/N$ 2 1
, 2 , Shallnon (1) .
, ,
, .
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